Little information is yet available on the economic viability of the production of bio-based bulk chemicals and intermediates from white biotechnology (WB). This paper details a methodology to systematically evaluate the techno-economic prospects of present and future production routes of bio-based bulk chemicals produced with WB. Current and future technology routes are evaluated for 15 products assuming prices of fermentable sugar between 70 e/t and 400 e/t and crude oil prices of US $25/barrel and US $50/barrel. The results are compared to current technology routes of petrochemical equivalents. For current state-of-the-art WB processes and a crude oil price of US $25/barrel, WB-based ethanol, 1,3-propanediol, polytrimethylene terephthalate and succinic acid are economically viable. Only three WB products are economically not viable for future technology: acetic acid, ethylene and PLA. Future-technology ethylene and PLA become economically viable for a higher crude oil price (US $50/barrel). Production costs plus profits of WB products decrease by 20-50% when changing from current to future technology for a crude oil price of US $25 per barrel and across all sugar prices. Technological progress in WB can thus contribute significantly to improved economic viability of WB products. A large-scale introduction of WB-based production of economically viable bulk chemicals would therefore be desirable if the environmental impacts are smaller than those of current petrochemical production routes.
Introduction
During the last few years, considerable progress has been made in biotechnology research, and further major scientific and technological breakthroughs are expected for the future. The first large-scale industrial applications of modern biotechnology have been the areas of food and animal feed production (agricultural/green biotechnology) and of pharmaceuticals (medical/red biotechnology) (1). In contrast, the production of organic compounds by means of fermentation or enzymatic conversion (so-called white biotechnology [WB]*) on a large-scale is still in its infancy. Enzymatic conversion is excluded from this paper because the number of bulk chemicals that can be produced by fermentation is much larger (2). In principle, WB can be applied to convert bio-based or petrochemical feedstocks such as methanol. Bio-based feedstocks are the default for WB and petrochemical feedstocks for WB are not covered in this paper.
Most industrial activity has so far been centred on the production of bio-ethanol for fuel use, for example by Archer Daniel Midlands in the United States and Iogen in Canada (3) as well as by COPERSUCAR in Brazil (4). NatureWorks is the first company producing a bio-based polyester, polylactic acid (PLA), in a large industrial plant (5) in Nebraska, and DuPont is currently building a plant for the production of 1,3-propanediol (PDO) from maize-based glucose in Tennessee, expected to be operational in 2006. In Europe, practically all large chemical companies are exploring the possibilities for the production of chemicals by means of WB and they are partly developing industrial processes for selected, mostly higher-value products (1). Moreover, the EU bio-fuels directive (6) is expected to boost the production volumes of bio-ethanol in the WB sector.
Very little data are publicly available on the techno-economic potentials of WB-based chemicals because of the sensitivity of this information among competitors and because WB is still an emerging technology. Some publications have analyzed the potentials and barriers to the production of WB-based chemicals in general (7-9) and many publications and reports deal with technical aspects of specific process steps such as fermentation and downstream processing. Some detailed techno-economic analyses have been produced by SRI Consulting (e.g., ref. 10) but these are multiclient studies and are therefore not publicly available. Of the few publications on the techno-economics of WB-based products almost all have focused on a single product: most predominantly on ethanol for fuel use (e.g., refs. 11-13), but also on ABE (14) and succinic acid (15, 16) . Methodologies and background assumptions differ between these studies and the results are not easily compared. Additionally, most available analyses study current technologies and do not account for possible future technological progress. Against this background, it is the aim of this article to assess the economic viability of current and future technologies for producing bio-based bulk chemicals using white biotechnology.
